Eighteen patients involved in a localized outbreak of leptospirosis were subjected to a serological follow-up study over a 5-year period. Four distinct sets of sera from all patients and a fifth sample obtained from 10 of them were examined by the microscopic agglutination test (MAT) for demonstration of leptospiral antibodies. The test was carried out by using live leptospires from reference strains of 17 Leptospira interrogans serovars known to occur in Italy. In all cases, the highest titers of agglutinins were recorded against one or more of the three Australis group serovars tested (australis, bratislava, and lora). The highest antibody levels were reached soon after the acute phase of infection in some patients but only after some months in others. Titers then tended to recede with varying rapidity, but titers against the Australis group serovars were still detectable in some patients after 5 years. Coagglutinins against serovars of other serogroups were detected, generally at low levels, in the early sets of sera of most patients, but tended to disappear in the late-set sera. Specific immunoglobulin M (IgM) and IgG against the three Australis group serovars were determined in most serum samples from 16 patients by solid-phase enzyme immunoassay (EIA). In general, EIA titers were considerably lower than MAT titers, but there was a certain patient-to-patient variability in both the IgM/lgG ratio and the evolution and persistence of the two immunoglobulin classes. Since all the evidence indicated that the initial outbreak was from a single source, the observed patient-to-patient variability in the progress of both MAT and EIA titers appeared to be attributable to factors inherent in the individual patients. Cross agglutination absorption tests, aimed at retrospectively determining to which of the Australis group serovars the outbreak-specific infecting strain belonged, were performed with six serum samples from different patients. Most absorbed sera seemed to originate from an australis or lora infection, but it was not possible to discriminate conclusively between the two serovars.
In Italy, until the 1960s, leptospirosis was a relatively common occupational infection, especially in rice field workers (4) . Subsequently, with the use of prophylactic measures and the mechanization of rice cultivation, the morbidity rate decreased and a different risk group pattern more related to recreational activities began to emerge. Recent studies have shown a marked decrease in the Bataviae serogroup infections (formerly predominating in rice field workers [4] ), a relative persistence of infections caused by the Icterohaemorrhagiae group serovars, and the emergence of serovars of the Javanica and Australis serogroups (7, 9, 10 ).
The present study shows the results of a serological 5-year follow-up of patients involved in a localized, waterborne outbreak of leptospirosis that occurred during the summer of 1984 in a small town of central Italy. As Agglutination tests. The microscopic agglutination test (MAT) was used as the reference method for the demonstration of leptospiral antibodies (3, 11) . The assay was camred out by using live leptospires from reference strains of 17 Leptospira interrogans serovars known to occur in Italy; reference strains from 4 serovars of L. biflexa were also included in the battery ( Table 1 ). The strains were cultivated and counted as described previously (8) . Each 
RESULTS
In all of the 18 cases followed up, the highest titers of agglutinins yielded by the MAT were recorded against one or more of the Australis group serovars. In particular, the highest levels of agglutinins were reached against the serovar lora in six patients; against lora and bratislava in four; against australis, lora, and bratislava in three; against bratislava in three; and against australis in two. The titer curves obtained for the three serovars are shown in Fig. 1 . In general, despite a certain variability in absolute values, high-titer antibodies against one or more of the three serovars were detected in the early-set sera (first or second sample). However, the evolution of the titers over the approximately 9 months that elapsed between the first and the second sample varied considerably from patient to patient as well as with the serovar tested. Some agglutinin titers were found to rise in some patients while remaining unchanged or decreasing in others. No further increase in titers was observed after another 9 months (third sample): agglutinins against any given serovar either stayed at the same level or decreased in all patients. A tendency toward a general decrease in titers was noted in the sera obtained 3 years or more after the outbreak. In the last set of sera (which included samples available from only 10 of the 18 patients), only 1 case showed agglutinins exceeding 1:100, and in 5 cases, agglutinins became undetectable (<1:50) against all serovars.
Coantibodies (i.e., nonspecific cross agglutinins) against serovars of other serogroups were detected in 14 of the 18 sera collected soon after the acute phase of infection. These coagglutinins were more often directed towards the serovars copenhageni, zanoni, poi, and sejroe. The titers were generally low (in only one patient was a value of 1:1,000 reached [against the serovar zanoni]) and tended to recede in the succeeding samples, with virtually no coantibody being detectable 3 years later.
Specific IgM and IgG were determined in most serum samples from 16 patients, by using strain Riccio 2 (serovar bratislava) as the antigen. EIA titers were in general considerably lower compared with the MAT titers yielded by the same samples against the Australis group serovars (Table 2) . A long persistence of IgM was noted in some cases, with titers sometimes higher than those of IgG. However, there was a certain patient-to-patient variability in both the IgM/ IgG ratio and the evolution and persistence of the two immunoglobulin classes.
Cross agglutination absorption tests were performed with six serum samples from different patients cross-absorbed with reference strains of the three Australis group serovars. However, considering that the infecting serovar should absorb homologous agglutinins and that 10% or more of the homologous titer should remain after absorption with heterologous antigens (15) , the data obtained for the retrospective determination of the identity of the outbreak-specific serovar were not conclusive. The results obtained with serum 17b suggested australis, those with three other sera (lb, 4a, and 14b) suggested australis or lora, and those with another sample (3a) suggested australis or bratislava as the serovar responsible for the infection; with the sixth sample (6b), no residual titer was obtained after absorption with any of the three Australis group serovars (Table 3) .
DISCUSSION
Human leptospirosis is generally sporadic and only rarely occurs in outbreaks. Agglutinins usually become detectable by the end of the first week of disease and reach maximal levels by the third or fourth week. Thereafter, antibodies gradually decline but may be detectable for months and even years, with a titer curve which may vary with the interplay of factors inherent in the infecting leptospiral strain and factors inherent in the individual host (3, 14) . The present serological follow-up study of patients involved in a localized outbreak of leptospirosis substantially confirms that agglutinins may persist for years. However, it even more clearly confirms that individual factors may strongly influence the progress of the agglutinating antibody response. In fact, with the initial outbreak appearing from all evidence to be from a single source, the same strain was the common infecting agent in all patients monitored, who had apparently contracted the infection by drinking water from a contaminated fountain (5) . Therefore, factors inherent in the individual patients are virtually the only means of accounting for the observed variability in the titer curves, with the highest titers recorded against different Australis group serovars and reached early in some patients but only after some months in others and then receding with a variably rapid trend.
Patient-to-patient variability was also observed when specific IgM and IgG were determined by EIA, which, unlike MAT, detects antibodies against many different leptospiral antigens, not necessarily only those involved in agglutination (2) . In fact, besides the surface antigens (involved in MAT), immunogenic components of the cell wall, flagellin, and protoplasm also contribute to EIA reactivity. On the other hand, unlike in animal infections, the antibody response in human leptospirosis does not seem to follow the classical IgM and IgG pattern: the unusually long persistence of antileptospiral IgM agglutinins and the different abilities of individual patients to produce IgG agglutinins are well documented (1, 6) . The fact that, in general, EIA titers were considerably lower than MAT titers is not surprising in a follow-up study, since EIA is an essentially genus-specific test (12) particularly sensitive in acutely infected patients (13) . It 
